Objective: To evaluate the safety and efficacy of dexmedetomidine (Dex) to prevent emergence agitation (EA) and delirium (ED) in children undergoing laparoscopic hernia repair under general anesthesia. Methods: 100 children (1-5 years, 10-25 kg) were randomized into four groups: controls (saline) and intravenous Dex at 0.25, 0.5, and 1.0 mg/kg (D1, D2, D3, respectively). Dex/saline infusion was started following anesthesia. EA and ED were evaluated on a 5-point scale.
Introduction
In recent years, the number of children subjected to laparoscopic hernia repair under general anesthesia has increased because of the development of minimally invasive approaches and anesthesia techniques. Nevertheless, emergence agitation (EA) and emergence delirium (ED) remain challenging for anesthesiologists. EA is a mental state in which there is a lack of connection between consciousness and the patient's behavior, which is characterized by excitement, irritability, disorientation, and inappropriate behavior. In contrast, ED is a transient disturbance of consciousness, which could be complicated by agitation, hallucination, and incoherent thoughts. 1 It is characterized by disturbances in perception of, or even noticing, the surrounding environment associated with disorientation and perceptual changes. EA and ED are usually transient but are distressing for parents and staff. In some cases, they result in self-injury and the need for restraints. 1 The frequency of EA and ED depends on the type of anesthetic agents used. 2 Dexmedetomidine (Dexdor   TM   ) is a novel, highly selective, a 2 -adrenergic receptor (a 2 AR) agonist that has been widely used for adult anesthesia and as a sedative in intensive care units. Some previous studies suggested that dexmedetomidine (Dex) is safe in children. [3] [4] [5] With its hypnotic, analgesic, sedative, and anxiolytic effects, 6 it has been shown to improve intraoperative hemodynamic stability, minimize responses to stimuli, and reduce the need for other anesthetic agents. 7 Previous studies, however, have reported conflicting results on the effects of Dex on EA and ED. 8, 9 Many of these studies in pediatric populations used Dex during surgery. 3, 4 The aim of the present preliminary study was to determine a safe, effective dose of preoperative Dex that would prevent postoperative EA and ED in children undergoing laparoscopic hernia repair under general sevoflurane anesthesia.
Patients and methods Patients
Consecutive children with an inguinal hernia undergoing high ligation of the hernial sac via laparoscopy at our hospitals between January and March 2014 were enrolled in this preliminary prospective study. Inclusion criteria were (1) grade I-II in the American Society of Anesthesiologists classification; (2) preoperative diagnosis of unilateral inguinal hernia; (3) 1-5 years old; (4) weight !10 kg; (5) surgery conducted by the same surgeon. Exclusion criteria were (1) history of respiratory tract infection 1 week preoperatively; (2) preoperative liver and/or kidney dysfunction; (3) any congenital malformation or acquired disease that could increase the risks of anesthesia and the dose of anesthetics (such as, but not limited to, congenital heart disease, hydronephrosis, nutrition dysplasia); (4) mental abnormalities; (5) long-term use of sedative or analgesic drugs.
The ethics committees of our hospitals approved this study. Parents of the children were well informed before the anesthesia was started and provided written informed consent.
Study design
Children were randomized 1:1 to one of four groups (n ¼ 25/group) using a computergenerated random numbers table: a control group (group C, which received saline) and three treatment groups, which were given different Dex doses (D1, D2, and D3 groups receiving doses of 0.25, 0.5, and 1.0 mg/kg, respectively). Randomization was performed upon arriving in the surgical ward. Saline or Dex was prepared by the attending anesthesiologist according to randomization.
All other study personnel and observers were blinded to the study grouping.
Two anesthesiologists were involved in the study. All anesthetics were prepared behind drapes and administered by the first anesthesiologist according to randomization. All variables were recorded by the second anesthesiologist who was blinded to the randomization.
Experimental methods
Each child, accompanied by the parents, was admitted to the ward on the afternoon of the day before surgery. A indwelling catheter was inserted under local anesthesia for fluid infusion during the fasting period. Children were fasted for 6 h, and those aged 6 months to 3 years were forbidden to drink for 3 h preoperatively to decrease the risk of regurgitation and aspiration when intraabdominal pressure was increased for laparoscopy. Because parents were not allowed on the surgical ward, anesthesia was induced in a dedicated room where the parents could be present to reassure their child. The child was carried to the operating room after loss of consciousness.
All anesthesia procedures were performed by the same attending anesthesiologist using intravenous injections of phencyclidine 0. 01 Anesthesia was maintained with inhalation of oxygen-sevoflurane 3%, 2 L/min (Sojourn TM , lot #44101; Maruishi Pharmaceutical Co., Ltd., Osaka, Japan) using a sevoflurane vaporizer (Abbott Laboratories, Abbott Parks, IL, USA). Anal acetaminophen suppository 7 mg/kg (lot #130709; Dongxin Pharmaceutical Co., Ltd., Hubei, China) was used for analgesia. Sequentially, constant intravenous infusion of normal saline (2 ml) or Dex (0.2 mg in 2 ml) (Dexdor TM , lot #20130902; Jiangsu Nhwa Pharmaceutical Co., Ltd., Xuzhou, China) was administered within 10 min prior to surgery using a micro-pump (Beijing Slgo Medical Technology Co., Ltd., Beijing, China). The Dex solutions were prepared by the attending anesthesiologist using normal saline.
The child's electrocardiogram, peripheral oxyhemoglobin saturation (SpO 2 ), mean arterial pressures (MAP), and P ET CO 2 were monitored. Lactated Ringer's solution (10 ml/kg/h) was administered intraoperatively for fluid maintenance. The heart rate (HR) and MAP between anesthesia induction and prior to establishing the laryngeal mask airway were used as baselines, and the intraoperative HR and MAP were controlled within a 30% variation around the baseline levels. The end-tidal sevoflurane concentration/minimum alveolar concentration (SEV ET /MAC) was maintained at 0.6-1.5 by adjusting the sevoflurane concentration.
The drugs were stopped 3-5 min postoperatively, and the child was transferred to the postanesthesia care unit (PACU). The laryngeal mask was removed in the operating room when spontaneous breathing was recovered and P ET CO 2 was <45 mmHg. The transfer time to the PACU took <1 min in all cases.
Endpoints
The primary endpoints were the frequencies of EA and ED 2 h postoperatively according to a 5-point scale (Table 1) . 10, 11 Delirium was defined as an agitation score of !4 for !5 min despite all efforts taken by the parents to calm the child.
The secondary endpoints included Children's and Infants' Postoperative Pain Scale (CHIPPS) scores (Table 2) within 2 h postoperatively, intraoperative doses of sevoflurane, duration of the surgery, time between the end of anesthesia and laryngeal mask removal (TE), time to spontaneous eye opening (TA), and duration of PACU stay (TP) as well as the HR, MAP, SPO 2 , and P ET CO 2 values recorded at various time points-i.e., prior to Dex/saline infusion (T1), surgery initiation (T2), full insufflation (T3), end of surgery (T4), after laryngeal mask removal (T5), after transfer to the PACU (T6), and discharge from the PACU (T7)]. The presence or absence of anesthesia adverse effects such as laryngospasm, apnea, arrhythmia, hypotension, hypertension, and vomiting were recorded. 12 All five scores are added together. During the postoperative period, total scores between 0 and 3 indicated a painless state. A score of !4 indicated the need for analgesic drugs.
Assessment of emergence agitation and delirium
The appearance of EA and ED was evaluated every 5 min using a 5-point scale (Table 1) . 10, 11 The analgesic effect was assessed using the CHIPPS scale (Table 2) 13 applied by the same PACU physician who was blinded to the grouping. With the 5-point scale (Table 1) , EA was defined as a score of !3 and ED as a score of !4 for !5 min.
14 Scoring criteria of the 5-point scale 11 were 0 ¼ falling asleep peacefully; 1 ¼ quiet; 2 ¼ easy to console; 3 ¼ difficult to console with moderate agitation; 4 ¼ combative, excited, and disorientated. ). The CHIPPS score continued to be monitored for 2 h postoperatively. Only the highest scores were used in the statistical analyses.
Statistical analysis
Continuous variables were tested using the normality and homogeneity of variance tests. Normally distributed continuous variables are expressed as means AE standard deviation and were analyzed using analysis of variance (ANOVA) with the Bonferroni test as the post hoc analysis. Repeated measures were analyzed by repeated measures ANOVA. Non-normally distributed variables are expressed as medians (interquartile range) and were analyzed using the Kruskal-Wallis test and the post hoc MannWhitney U test. Categorical variables are presented as frequencies and were analyzed using the 2 or Fisher's exact test, as appropriate. SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Values of P < 0.05 were considered to indicate statistical significance. Figure 1 shows the patients' flow chart: 437 patients were considered for recruitment, 337 were excluded for various reasons, and 3 had to be excluded because of an incomplete data set. Thus, 97 patients were finally included in the study. Table 3 presents the baseline characteristics of the included patients. There were no significant differences in age, weight, sex, or duration of surgery (all P > 0.05).
Results

Patients' characteristics
Compared with the controls, TE and TA were significantly longer in group D2, and the TE, TA, and TP were significantly longer in group D3 (all P < 0.05). No significant differences were found in any index between group D1 and the controls (all P > 0.05).
Postoperative agitation scale and CHIPPS scale Table 4 presents the EA, ED, and pain scores of the children. Dex reduced the pain of the children, as shown by the CHIPPS score (P < 0.001), with Dex at 0.5 and 1.0 mg/kg having better efficacy than at 0.25 mg/kg. The frequency of EA shows a declining trend with increasing doses of Dex (P ¼ 0.001) (Figure 2 ).
Sevoflurane consumption
Intraoperative consumption of sevoflurane decreased with the increasing dose of Dex, especially in groups D2 and D3 (P < 0.05). No significant differences were found between group D1 and the controls or between groups D2 and D3 (P > 0.05) ( Table 5 ).
Intraoperative hemodynamic changes in the children
MAP and HR of the patients in the controls showed increasing trends after the surgery had begun. These parameters in groups D1 and D2 showed decreasing trends after the Dex injection, although these changes were within 30% of the baseline levels (all P > 0.05). A transient, but significant, increase in blood pressure was observed in group D3 at the initiation of surgery compared with the baseline (P < 0.05). The MAP and HR gradually recovered after the Dex infusion was terminated. No significant differences were found for MAP or HR in the group D2 patients at any time point (Table 6 ).
Adverse events
One child in group D1 suffered from severe laryngospasm caused by premature drug withdrawal. Symptoms were relieved after application of a pressurized oxygen mask under a deeper anesthesia state induced by intravenous propofol. No complications (e.g., nausea, vomiting, airway obstruction, respiratory depression) were observed in the remaining children. No abnormalities were found during the 24-h postoperative follow-up.
Discussion
The results of the present study suggest that Dex could lower the frequency of EA after general anesthesia in children. It could also improve the postoperative pain score and reduce sevoflurane consumption during general anesthesia.
EA and ED are dissociative states of consciousness in which the child is inconsolable, irritable, uncompromising, and/or uncooperative, typically presenting as thrashing, crying, moaning, and/or being 
incoherent.
1 Despite being a well-known aftereffect of general anesthesia, the pathogenesis of EA and ED is still unclear. Studies suggest that these entities result from the synergistic effect of multiple factors, such as the type of surgery, choice of anesthetic drugs, pain, age and personality of the child, anesthesia duration, the environment, and complementary medicines. 17 VoepelLewis et al. 18 showed that most EA events in children occurred 3-45 min after extubation. As the present study was not designed to study the causative factors of EA and ED, additional studies are necessary to determine the exact mechanisms leading to EA and ED.
Some previous studies suggested that Dex is safe in children. [3] [4] [5] 10, [19] [20] [21] [22] Some showed that agitation and pain scores were significantly reduced by Dex, although the waking and extubation times were both significantly longer in children administered a single dose of Dex (0.5 mg/kg) 5 min after tonsillectomy 23 or in children given Dex 0.5 mg/kg/ h intravenously after anesthesia induction. 24 Another randomized, controlled trial showed that a continuous infusion of Dex (0.2 mg/kg/h) after anesthesia induction could significantly reduce the frequency of ED by 10%-26%. 9 Another study showed that Dex decreased the symptoms of EA after waking, except during the first 30 min, 14 a finding that warrants further study. A previous meta-analysis showed that Dex reduced the risk of EA to 0.22 (95% confidence interval 0.14-0.33). 1 Among the reviewed studies, only one reported a borderline marginal effect of Dex. 25 All of the other studies reported that Dex had a marked effect. 1 The present study suggests that infusion of Dex ! 0.5 mg/kg within 10 min after anesthesia induction but before surgery significantly decreases the frequency of EA and ED during the first 2 h postoperatively, which is supported by the previous studies cited earlier.
The effects of Dex on the occurrence of EA and ED may be due to the a 2 AR agonist effect of Dex in the locus ceruleus of the brain stem, producing sedative, hypnotic, and anxiolytic effects via enhanced activation of the inhibitory neurons. Dex also activates a 2 AR in the spinal dorsal horn and reduces the release of substance P, producing an analgesic effect. 26 A study in healthy volunteers 27 showed that Dex is a moderate analgesic drug, with its effect reaching a plateau at a dose of approximately 0.5 mg/kg, which may explain why there was no significant difference in ED frequency or CHIPPS scores between groups D2 and D3 in the present study. The surgery-induced stress response could be significantly inhibited by the intrinsic antisympathomimetic and analgesic effects of Dex, 26 which would reduce the intraoperative consumption of sevoflurane-also an important factor in reducing the frequency of postoperative EA. The hemodynamics were stable, and the transient increase of MAP in group D3 may have resulted from contractions of vascular smooth muscles caused by stimulation of the peripheral vascular a-receptors (a 1 and a 2 b) induced by the rapid infusion of high doses of Dex. 28 Studies on whether Dex influences the waking time, however, are controversial, 29, 30 which may be associated with the different routes of administration, dosages, and withdrawal times used in these studies. In the present study, infusion of Dex at a dose ! 0.5 mg/kg could significantly increase TE and TA, and infusion of Dex at a dose of 1 mg/kg could significantly increase TP. Additional studies are needed to determine the best balance among the dose, route of administration, and withdrawal time of Dex.
The drugs used in combination with Dex may also influence the observed effects. Indeed, a meta-analysis showed that the use of propofol, ketamine, fentanyl, and preoperative analgesia had prophylactic effects against EA following sevoflurane anesthesia in children. 2 In the present study, propofol, fentanyl, and acetaminophen were used in combination with Dex, and we cannot completely exclude the possibility that these drugs affected the occurrence of EA and ED. Nevertheless, the drugs were used comparably in this study, so it is probable that the observed effects were mainly due to Dex.
Our study has some limitations. First, the sample size was relatively small, and multicenter studies of a pediatric population are needed. Second, infusion concentrations of Dex differed among the groups because drug dilution with equal volumes was required to blind the observers. Third, we did not use any objective indicator to monitor the depths of anesthesia. Although Dex could affect the hemodynamics, we still made adjustments to maintain concentrations based on hemodynamic changes. Finally, evaluation scales for ED were monotonous and subjective, which could lead to errors and require improvement. The 1.0 mg/kg dose did not seem to have better efficacy than the 0.5 mg/kg dose. Nevertheless, Dex appears to be safe and efficacious and to have little effect on hemodynamics.
